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jl^ "lj .^jliilj i^J^*JI (jA 4jj^uM jit ■ ■ **- a L3u.lt J ^ 1 1 ^Jo^il 4 Ijll y| 

fl ^ - K £ jjjtfc* M J 4_LJ_f*JI i»JkjUI !^5&A> 



7 4^JJL« 

9 jJ -Up 4-jilJr-\ ^* L. 

16 ^ji^J -Up JLjiU-l ^* L. 

23 *bj~Jl u ^ill Jl *b^-Jl f ^Jl ^ 

33 ?tb _j-Jl i_-> jiiJl Oj^oJ tJuS" 

41 V-^VjJu^.J* 

56 . . j— Jl c_j j> oJIp £l jjl JL>- jj Ja 

60 l-JLJI J»-b Jl^jj liL. 

63 . . . ?tb _j-Jl jiiJl 3Ja--l_^ yLJl j^Lf.Jjfc 

69 ?oJb'li j> II v yiJU Ja 

71 ?*bj~Jl 4* j^l 01 jSO:. Ja 

74 <£U- 

76 . '.il-*. IU .^t I ■ c^J 



. 2u*LkJ\ 4...m,;JI (_$f toiUrl ^ AijJ-l Aj^^aJl 

4ii.,.,;Jl ^ ^lii ^ ^jLJLjI L^pLms 1*5" j»J c Vji 
jLu L. aJ iJLiJl ^ *Jbl LJ 6 jSLw .S^UJl 

* « * 
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t * 

iu> d .14* *uuJi £ ^ 

ibu libs' ^jSii oV »Ji* *Jij^i ^ur 



9 



<up ^* JS" Ojj 

4500= 1 2 /60 X75 

10 "= 2 ( 106 X 6,4)/ 1024 X 6 X 75 
( 10 X 6,4 :g; jL-4 ^jSfl £Ui U jjipI lil 

\ iLaLiil iiLJJ ijJlS' lil 

j * + i ' • 



10 



oUL^j ^ jl SL>, » « .:■ ll L« (J-j^i 

^ jiJjl Js jJLi ajj j— w. ^ U jJjL ( 

01 J-Ui £. £J-\ j* : JJli J_^- jVl «l4l 

J5" ^ jVl ((t^Ui)) t-uS'y^j £ y-L. 
oL^j ij^j^' **s*^W (j^J*^ "^j 5 *" ij* 



11 



s 

«* 

Lfc^jJJlJ ^ ^lll L^-ulJ ^Sl jk\ ^ 4... m q .til 3u 

jl diJi Jl (Ju^l .4j ^kJl oJLfe 4J2— jj lliLw>- 

JSy ^il jjl ,_/^*J ol y ^ jl <tLi1 j 

.Sfl ^-J bJbt UL. UoJl j LL^Jl ^ 

^ jli Cl— ->l^Jl IJL* ^ ^ jX. (ji*!) La^*J 

. j^Jl ifyw 2J jjL« *b j*-Jl i_-> jiJl ^ 



12 



villi 01 ^"jJ JU^pl Jt>U- ^ JLi 

ijpLs^l jLJVl Lj-Ip j j>J ^1 dUj J j£ ~*s-j* 
Jlp <L>/,JS 2,4 ^ (^jL-J ^ .aJj^Uw jI 



13 



yiJl £^1^1 ^' John Mitchell (1) J~i~. 
Pierre Simon de "^"^V jj-^ jjj 
-J-U- gjJUl ) ^Vl JVo^Vl a^L^. Laplace 

^ jidi oil: i; d783 ^Ip JjVi 

/J! jl aLLpVI ^ Uiii: ^ V :(1798 r ^ 

*L, jjijl J LJ ^2^J £jM\ ^ ■ (1793-1724) Jt^V j^r (1 ) 
^ ,IU :(1827-1749) j j& (2) 

oJ-Sli iv»U- t^jj^Uj job Lcj jji .oVUi^-VI 



14 



* . 

jSjc^ t aJLJ-I « JL* ^ j . tl'/ ( 4S' 300000 £LJ ^1 

> * f ' 
t^bj-Jl { jsjlJI oJL* JlaJ 01 Ul jJ 015' Ji j 

o jXiil oJlgi tiiJJj £«j .Lgj ^L^ia^I Jj>- j L^j 
lL^j oL^jaJl ^ v^Sl^r *JL* Ot LwUi ^dl 

Of L$-J ^^^4* « j^y* * u*^*" ^ (*;^"'"" 



15 



5Lj ib^l ^£ U 

tA^LaJl 4, i, -ill j t ^Ja,ll ^ oUii"V L» (J,| J^ialJ 
OjJV OLS" ^1 t4 ; i ,»;!l ojjj C aa-C -Li! 

a^Jl aJU- ^. j (1905) a..,.,.m.-J1 aJU- ^. 

.(1915) a- UJl 



16 



^,.„..;jl 

. OUjJ! ^ (*s--AJ-l U j3-^j" Jl L-LS 

Ijltl LJl ^' 6 Clj&\ fUrjt ^ l!S" 

OIL-. J Ol^ilj OL»jJli tO j Ills' 

Jlj abuVl ^iJl Ol<il Jl >Jl ^ IJKa 
oli <Li) (j-<w» 0L»ii^j 0U^v-4 L_gJl OUjJl 
.DlSCijll ^) 
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I 1* ^e- jJjZj .(o/p-^ 300000) jlJLilL, 

Lail jl jjjdl ^ <ul ^.,^"1 t^f y ^ 
iii-*>lil l_S Jr* ^^»- ^ J _pr jil Ji>-^il 

Jj«jL)) 2iL~il jl ^ J* ^ jil 
.(^1 iJLf J*i,) J >l Soil jl j (il^oVl ^JLu 

jvs^j Cj^" L/i^ ^jy^H V 1 « ^ 'Sf ^* j^l 

.([Sl^Ljj ojll^o ^Jj kiJJi JjL>«j jl s jil (_$-L>«j 
jL dJJi i_jI> S^bLl ^~jJ| (^-aSjj 
aJSUIL ^Vl jki. :jbjL^ aiWlj Ml 
E Jif cu~>- E = mc 2 : 4. » . . .A ! LfLP o j>f>iJl 
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(IJl* ^ OIL- L4i tiiUail jl) S$lil jl Jl S^UJI 

t L>jVI dJJJb Ifcwi jDs^jJl ^ O-bi- 

' ' > s ■ - 

ioJLa ^/yLJ! ^ yjs y*. ^ $ a ' J- 



19 



^ yJr jl J lilt J_» JU- JL^-o j .L$Jl£il 
c27t J5I ^ OjjIjJl oJla ^lii. j OjJIj -k-ii Ov. 

i^j) 0^ U*' ^ '^Js* - ' 

4.,., , - : ll jjk- - ^y> l$Jl _^IaJ Aju ( i 

Js> jhsi- ojUp c J cL*JL?-j 4_oL>«JJ Ajt^sL?- 



20 



t G) John Wheeler >.j d ^.y^ ^j-ill 

. jlS^jJl ^ip L^v^iJ O^Lil ^ys Lo_3 

1 4 ■.,,..<,.,;. ll 2L.jkil ^ JU-I y> US' tp*>Ul ^ 
jjL>.t,.'jl 4j jiai Igjl jj ^Jl oL«i jJl jli 

l/.^ V.^^h jl^-^l |» k»« ^ j j—jI-aJI 

Jl (J _/>-Sfl_} 2^jl!I £ _pJJl ^ jj^r^l J- 4 
cJlS" jlj t j^Sl 43^ LS ip J SJtxJl 4,,. ; .„,..;Jl 



J ja^J ^.^i (Hp :(2006— 191 1) >._) j _pr (3) 



21 



l-Uj) ife relativistes aL^J jljl o jJ->- Jl 

aj iivj os'jj ^ji 4j>L^">i5l!i _yyyj\ ij* 

. (^Al.tjLtl 

^J| £*^2J CAJ j5 LaJLpJ 

f">lS0l lJL* j .-up JLst V I yl 5^l*Jl 3..;. JL 

(^1 cjj^Jl ^jjIj UjJ ^js ya£- y**j ^jip 
" ' ' ' 

ij^Jaij L» 'Wt j-I _^-«— ^ j^il jl CjLjj^JI 

ctb j-Ul t_j ^iiJl 5-vljj ^ Ij^ j c^Liil l-L* ^ aJI 

.<_jL£J| 11* J y^l l$As> ^Jl 



22 



. 4il*Jl 3 :: ,-;ll o^SUti J 1 !)^ ^3 jl* j^<J 
:> ^ip jl 1.1 jJ jlT il ^ojOJ <>:> cJLT 

ojLp jl ^JuST <_£ ^ Ioxa .LLaP ">lic dlii Ji£ 
1968 VI j>Jl > : ,1 «^3_-V» c-JiJl)) 
jl ^ jl j^Il ^ c^JJi ^ *>Uaij .^Lj j yr 
2ul*Jl A^^Jl Aj jiaJl IgJjL^j Lo^" £li j—Jl «_j jitll 
*b Jl ^ ^s^Jl ^ <_ Ob*-^l J-il iiii* tLil ^ 



23 



jlxij)l (J* 1 5^ oSlj Li5" 

tiLijJl oUjjJr' oljL^i L / J j-*-' '-^"j 
^La?-| Ljl^L«Li jl j j .,^?t:1 .oljjjj^i-l 

(olj jj <_£l) (■ jJaJl oU)j;>r jl i_£l tjjiwo^Oj 

Jl L^j .i ol jL < ^j"'" ^Ja-lJl ^jjf- j-L^j 

o-Lss ^ c-Laj jl jil f.j '/i ll jl£L«Li JJ»j . ^~y> - ■■ ^ 
Jl Ji s'yA ^iJu li U : .h ill ^ 4ala.;.ll 
2ul*il 4.,...:ll ^..^a" tdii-i i— jUr <Jlj U jJl 

L^Lr jl ^ (^1 ^ . W: . -. ^ e^iil 
j li£L* .<ob ^^lp j,_>cJLJ jL^Jl ^-)l-l>-l 



24 



tsingularite silyiJl 

^ f^y-io <jl*~! Oli t^yy 3 : « .. " 
Lj ip jJLaJ "V JjJji 5^*3 Ifr-^ 

J y£~» 4jajij oJLfcj .L*JjL*7 

^U-i ojL*j L» j^p ig.il jLio <L^- j 
^ r l W . ^ I ojLp j^aj t <4, Schwarzschild Jd-&jjljJb 
JjLT JliVl *f£liJl pbj-iJl (IbJ li^" k> 
JLJ-I JU- 1915 Jif gjiJl tJLLijjIjj-)) 
^ 0V5s_i^Jl uL»> ^ 2Ul*Jl 3,,, ;ll 4j jlaJl 



jlli ,ilp :(1916 -1873) Karl -LLijjl>i Jj^ (4) 
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° * * f ° - ' 

' * * * s * 



26 




JU)|Jb-Vl J»i Aj'jA; t^JJl y^l ^Js jj ^xJ j 

, 9 
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J j— 'Vl * Svil jil ^ JLils JLil s-Ja-j jl : ,.-ll 

J-L~i<j .<uk>J ,J,I 4lJl y>Vl 4j ^Lj jl j_J.i 

Jlp Ji> £-Lj jl Jl jo la £~4>j 

• J* VI Jl jL-II J _^>j 
oljLi^l j^i ^ CjO^o t<Cli jVI 
L^J j_^o jl i^lS" jll L*LIbj ^Jl 4jj„^ll 

|«J t^>-Ls tyL^sli t^jai»-l jw2J t4jl-Ul *Jjjl 

L. ^uiSfl JU^ ^ oljLi^l Liih! IS }S J 

._jpl ^1 jUaj ^ ttl jaJ-I 

Sj»r tjL-Il d oljU^I 

.oil jjiJl) ^ _^=-iJk1 
^yb jL.-ll 04AI 5J^Jajl oljLi^l jl 



28 



c-jIS'j ^j-Sj ,5^L*Jl olS-b L» Alii 

^ csh re^3 (4*V! 

t^Ujl j^LL* ; y>QiJl ^jJl jl JbLlj 

^jLni cJjLLLLj .wLili J-il ^la-j jL— J-l ^ 

, ' ' ' *. 

jL.i ».ll (■ y^a jju 

* ■* 

LS ip a ybUiJl eJu> j^JTj .yfclliJl 

i3 y ^ I joJ j _»i!l Ju" Jxjuj : ^Vl j>Jl 



29 



obljdi 01 ^'jii juii ^ Ji^^dij 

jJJl 2_^>. IaIoI | iiJ L~i J jjVl jiJl ^-f>- 
j& tJjjVl O^Ul JiU* oUJl ^ oljlptVI 

4ii>- ^j^T culjLi^l 01 l$I 



-Vl ^1 01 b > aU 



30 



^l*j> jjSy jl lA^jut ilif (^j j»j4 jJb- ^ c^t 

^ SIS' jJi ^jip jjSC £^L*jJl jl LJ ^-iJI 
jl jJLijjl3-i ^ ... J5I jlfT lil ^.Jkll 

!<J U jL-J 

UiljJ^L* jl2i»j Jjl^JiJ! Jl* 4_»JLi oS 
Lo^lilS" jl Lc. t jj Li .. t ..ji j ^ ^iij 
tb j— Jl ^ _p«-Jl jJ 5j>r SjtiVl ^ 

dJlLJ.1 1 jjb *J _^L> 01 .Jl cbj-Jl i_-> jiiJl <^oJ j 

j^JJ jjSC jl j^i. il S2jL-il oJ-$J 



31 



j»-5^Jl W .n ^jji OtjJkl iJIjIj jj j-iSl jli C ^J>-l l Jb«r 

iikdl ^ jl JjLi Vj ^>t,..7 a^Vl 

2 yu a^JIaI oljL*J L^pLJIj (2Ul*Jl a.,....-Jl ^ 

J y*j clJ^\-* .^ia— Jl (_£ ^>-l 0^4 Lgj 

jl ik;^ jt^Jl C~JtJ>! (■ j-JaJl i»liJl jjJ 

V l)L 2Ltl*Jl 2,.,., ,..;.ll ^..^S" tdJji ^,5:11 

j-Jl ^ _^>tjl! J j^rj V jl j-* S.,i?ill oJua 
^jb>- C Aj jlaj * -.^cJ ol e ^^J LgJl 



32 



l_j jiiiV> aJxLlSI (■{ijJd\ (.Lip ^LcJial jl 

y ((^-> jib) Jajii jl Lo-Lp j^rs-Jl cjj-« o yfclii 
UJ Jjy ^1 iLJUJl ^1 J! ky^ ^ 

tYjjJ" -^r y p4 ^j-^jj . 1j3jS\ ja Uolj 

:aJjVi sJiSOl J^>^ cjYL>- oMj jy j^^^Jl 
cJ\ j* J,Uj a .-o.-tJl SJbS' j jfxJ jt jt 

j jfxj" jl cLjIj ^(iw^^-i JiS" : JUj US' jt) 
L r^- ^ >-^j J£" jui ^ }j5l 

yS\ j jfxj jt tUJlj i^^-i SliSf ^jjjLs-j 



33 



J yS\ J US' p 

olill ii\J~\ iaJ y lo:.; (iji>- -Uj iiJ-ta ^ 
01 •iULpVI Jl ^'1 yiJl JS" -J j£j SolJ 

.i^-Vi ^ a]bLl 

iiJy ol^S" jf- IJls- ^ ^ 01 
~<'y'/> » frLuil \ g J*=**j U csjL?- oljVi- 

oi . I j±>t~~s i )i\ ji o jails' j-aji 



34 



4 jjl jJl ^ aJU- ^ •l&rji t^ii jjb ji^«Jl jl jil 

. AJ jj«jL« jjl jjj jliJI rt» ,,^» <Lpl>-l Aj ( __^'3*JJ 

^jJl^ji^ jit ^Jii) jijt oiruk^ijii 
jir ctejj^i ^ >vi y> j*t cji^Jij 

tiJL^ JL«V ojl ^1 A^-ji V? ■ g 7 t^y>r jjJL-^Jl 
. jliJl JaiUs ^ ( j>Lbi t Jl <UP i Jjo <_$ JUl 

* ..**.' 

t|»^«Jl S-^* L^iflJj UiLiil 

^J_j tA-~ij C-i jJl . j jjjt Jl aJ^j ^ jJ^Jl 

.Ll*Jl ola.Ml ^Ji J I^Lic^j SJLiJlj 



35 



jZj (.^j* o .. t .tl$" ^S>ySj jJ-s^J Lo-3j 

a jl JUJLi 0\ i Li!l oL- ^ 

^ il$J_^<jL« jjljij (,5-^1 

frljl Li yiJ l$J Jb>- V A-.jlL« oli jjOj^l (JJLj 
CilT \j£ i^lsjiA l.ijJb>- ^li^O ,/? ( J5" 

(^ry— Jl i_iVI ^j-" CjIj^P- J^i^- OJb>- Jij 



36 



cJiS 4~rjUi-l oLLkJl tUaA.ll ^ jl 
j^J! 11* jl JU-I j .j^-j^ll ^jtfl ,»*Jl aJp 

ji-'^jj jLfvflJVI iMpLiJ J-^jI ta^^i 
j£ J,l ^"^J fj hi - W^ j ^ fr'^ ' l ajjL^- 4 

t^jjj^^* J,l j j tOj-j J,l ^jy^—S'jVlj 
LjlTy J= ijif cJtf ukj .JU.Jb- Jl 



37 



<^tJu^o\ ji-AXJ JJLj Sjl jli tj%->«-Jl i -Li 

i2LoUU 3-«jLL« ^ jl«Jl <j^J> jj- 4 

. A^Ju ^Js- j^ciU ^jlS" jL$->l dJUi tly>r o Jl>*J 

Jjt4 2ili>Jl ^» ^>-ji aL=?i i__Li]l Sale, lilj 
j > ' t ^ 

it**." ' i 

Sjj^la Oil jj\S\J^I .,f?7<Li CjL! jJj^Jl ^ jjiJ 

f ' > . '■ > 

i_a9jj (J">l>«Jl Ui . v» 4oLijj^$vJ|yi obi LgJbi 
jb^ii! aJL>Jj aSL>- a-jL^j Jgl».,fji*yi t_i»-j 

dAijj lijj .j^kf-S/l ytLJ>l j\ supernova 



38 



01 ^SjJ) 4.a i .,A.,..J ^1 S^il ^'jJaJl ^bci^fl 

^ J| ^jjj J-fy oUjyjUi ^ ^Vi 

oUjyjlJl ^?^\ 3JLS" oli bl V| a-j 



39 



aJl* jl wLj . <».A o}C 

jl aJU-I o Jl* ^ _^ALk!l j . 2 ,„>,,» ikT jj^c- j 

i_g J jl ^ : V»T, .. i Sij aJL j^i 3jl J 

iw^Sj o^Vj ^y-xj (_$JL!l j^Vl t-lL-i jjlj-i f- 
■i?r jj jl (_^l J-^sl ji j ^^aiiJl y»T ,. j ^j-l 

o (^Aj ctb Jl i^j _^iiJl j'yi ^jIp LfiP 

,5-o^wiJl ^ ^>tjJl 



40 



LgkLL j^vaJl ^ ^Ji; ( ^£J ( _ 5 i^j 

I ^ ' flj^-S" o 01 iaJ ^r*?^ UV^. Oj^W -4 L5jd 
.^^U"- £->Us oli ji^j ^Ltj^" J-i-AJ 

oLLoju ^LiiJl ,Jj jls t j-£- L*-2 J <-I->L«Jl' 
> J^Vl S"^ 1 ^ 'j^ 



41 



C.«./»^i 40UJI a..... » : ll jl 

^ JU*i^Li 

c-Jill aLT aJ ^ l^J^J ^11 ^JLkJ attLr LoW 

Aj^JL* ( _ f Lp 0-b>rj lil o.iU.1 _j .Lfr i'< 2 _yJ)}\ 

jl , I t - ^ . J Vj iAj-L>- oj-«J Cjw2> i_-aiJl 
315" Jul jJ J,l (jSjJ L» 

(aj J^ljLl jJLsjjl^-i ^U-i (jt) j j-o-Vl i—aiJl 
i a:ll jli jJJ tAiLi' Julji; JjIj^ ^U-i jjk 

j^Wfl J J>Sl JW2J J J-^Sfl 



42 



.U jil SSlil J- j^iJ S^-gJ L^Jli'j *taj~Jl 
^ A-lS" J^-l vl~aJ jiilJ L»JUp <bl Ji>-^Ail 
aS" j>- ^ i_JiJl Jj»-I.i J,l tS s -*-* j^ tiolll 

i_j yuj .j«J^fliIl (_s*— s^l *LJLp i aril 

oJj>«j La5" 3x51s I gt» jjL* tLjl olLl 

'c^^ 1 i> b 'j'^- 1 J t 1 *^ 1 

jt dJLSj J,l .1^25-"^ . ..j SjLiS' a,;..* 

A.a.'Nj i a til ^ji^->- ^ jUsJIj ai jJLiil S^ll! ^ 

SjsLil jl jl Lj (_£ ^ _j yiJl 3j_«Ijcu 



43 



' ' ' >s 

.j^LiJl t(<u^ ^ ^ jl <u£_c 

j^l ^to;! .»ta j-*J! l_j jiiJl (J,l 3j j.,,M.dl 4. ; .;.,,.,Jl 

.l!ol?r aIijIj-l* ^Ijjl jjllTi j jj jj ^^>t_jl 

I ,» lyj °Ji J J-! J J^"_ " I ~ |g : J ^/^^^ 

£j5j 3jLi ^Jl 2ul>*jJ| jl ^ ^il ^UiJl ^ ik^-^\j j 
jl l$j ij ^glL-I; <Lj y SiL~i Lj ip J y*i\ t— . tvll ^ 



44 



A-<*Jrdl 0! OjjJLiT. ( _ r J ^jJl (2L^JLiJl 

t^jjl J j^- ^_^>*J tiJLi iiLA ^j^rf tAjLi ^il 

tAjl^P "Vj .j^jLskJl ,J<9^5 aJj^- J^-ij 

. t f, , 

o-AJLaJl 01 .j_^>Vl S^l Ji» Alii 3 

l^jjS" ^ JLJLiJl jJJalll L^JlL" ^Jl <_£ jj^Jl 

^ {J>).\ jj. f .^\ aB" ^La £ji 

.^j^tUl AiJj LgJLL ^Jl S~tV:ll AjjjjJl Aff ^J-l 

jju j aI^JI ,jy aJ jLL» JuLp ,j^J>. kilii JL«j 

^ j : : : ,.v)) ( ^Li3l ^LlaJLi ./jTi I « : .a.< .o^ j ^Axj 

lyij 01 jJ-jl oil 1 1— Cygnus X (( 1— ^ 



45 




46 



jS" y jjsj ccl^>til L / aj H j* ,y 

Ol.la.C- jOCj J . T.:ll fl^til si jj '. jL*J aJLp 

jvaiil ^ C->lj^i (_£JL« ^^Lp flJUfc CjIjcJ^I 

JW2J ijL ^^ tJ 

^ ^LJl ^jj'U i.Ji-S' ^^x! .IJ^r j*>«J-l a jjt^o 
2uk^ ^ 3..:...Jl 2UJ,Vl otii }J if £*l _,J| ?dJJi 

^ Ijjfc CjJb>u jl j c(_£ >-Vl -tUJl Jl J~sj ^S" 
^Jl aJdl kiUj AjjLi Jj ^iJ J^Li ol*Jl iJL^i 

l_jL>wI ^«-« ,J,I ^ g: J - (_y*l-^j OV" C^-> c<-3 ^*jl 



47 



X^akj c^iJl cL^>^ J,l L-LS aJJU ibS" 

iliSdl cli)) ojL*j cAi"iLjiJl Ji ^riaJLi 

<La, j\ ((supermassifs)) C(5jJLgJ\ 
.((galactiques)) 
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?J J*> f^Jj 4JJ J 

y\ ^ ^-"'jjjy-^' J y^ " a y*° .((^ioJ^Ui 

.JL, ^k^j V ailkU Jali ((3l?.,t:tl 
<uil$" ^Jj i il. a" d'\ ^Ji'^i 1—^" 

?A...,..c.,.:Jl Ji&l ^ ti jJL 
ol^Jkl t^~LS jl j-* cjI j> a.jl JLs»-T 

Li jJiJ jJ yJ L^jlj L>-s .,1^:1 j»j c4Pj\*u jt^ir „^?:i j 
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cS^-it ij-jVt ((LuiJ)) 
ills' li 3 j-J LSI L*jS" y J* i£ ^\ L*-b-j 

ji^Sfl -Xi*Jl J*>U- -^j .((oMJJl)) o-U 

^^>«jjl fljjfc jl ^-jaJlj .ULS.3 L-L5 Lj^sf jS" ^ 

Sagittarius ((XI ^jjjLj>-L-)) ^1 <dp jitl 
U:.; c^.j «-A ibS' O jJ-« 3,7 -> <dbS" jJJj cXA 

Jy. 2LojLiJl 4sL~il i_il*vsl O ^C^P ii^>- <_S-LCj ^ 

.jL.jiS jjJu. 1500 ^ t^-^iJl j ^ jVl 
ikS" 3 j-J i_Jiij jl; >U Ali jjuL 
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IJUJL^J Oil ((XI ^-jjjb^-Lj)) JS^io Jj& 

^.7.Jl JL. jladl jl LJp I jl ^jSU 

OjJb 250000 t^i) 5Jj-> ^ 25000 jaLJ 4*1— 
01 ^ ^Li 01 U j_^> 4Jli te^il p j» (y ((45 
!LJLp joL« jla*- <^l J^A; V ((XI ^jjjL^-Lx)) 

^ ^aji j%-9^>" Oli tlj l_J ^ij i]l_LA -XS 

IgJl i4,„,. o ,t.ll jb;ll <;j 4^-Uajl 

01 « I a*,.v cLgJ 'jl (j~ ■■• V Oljl i - J , 

-ijtj cProxima du Centaure UjJI 3^«Jl jf 
. (^JLS" OjJL 40 v c^l) V j-* °' >^ (Vj^i 

t J jSfl (UJl ^Jl dJLL" JJli ^ 3>t 

<_j _^ii)l 01 V Ugjf ^j*; If 
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J^b j_j jiJl JjJl ^ bS jS" tLi^-l ^ 2_J^iU j 
. 0*>LjJl oJL* wb>-f i_j _pr 

cJlS" ft ^-Vl J^Jl ^ tjy Ijot y'y L. IbT 
C. 1 jl tijwb>- jla . J a" ^Jl 2iLJ>l 

obJl tiiJJj ^ ^,.a,;Jl ^^ip 

t\Jc?~\ ^Js- (jjiij ^Uj ( ^ ) '.^« LAjl-li 
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t( tpl jj&^^j -J*ji\ JlJ-a* ^jilw JLJ 

JJjJl S^ISI c_i Ji ^-»f L«6 j J^SvJ 4 jiiL^ 

Russell ^-J j-* .f J-ljj Joseph Taylor j^jUs 
1993 fLp Ji> ajJW ^ IjU- ^jJJl t A. Hulse 

tLj^l ^ L/ aJriJ (IU- (-1941 ) j>> -A! j_pr - (5) 

j«U J-..JI ^ - a. iJLi^TVI Ijl* j tC^j&i jd-slj ^1*-^! 
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olJj»-Sn 1 _/ 2J H Ji>-'5^j jl L*-»^j ( j>c^s\ toL>-^il 

^ ^ ^i ^ir ^u, ^ v 

** ' f 

*U-g-« ,_i_il jSol sJUfc Ji* \s\^a jl .^.i 

yjl ^Jj^ J"^>- J^) 0~b>tlil <ZjW)J jjl j ( Virgo 
(^^jj ^* ^o^T j J Ui~iJ -(Ligo 

Jl j Jut- «L4l s-UaiJl JLOi Jl b-Lj 
- * - " 

ol>y oLil ^5" jli tjJJ . aji^ J^Ltdl oL^VI 

oJUfc 4j^*-^J '-JJJ " (•"^ J *^ -^W^" 4*-lj ^>.J^>. 

L« jl j^5\J cLii lil — LgJjjj./?:" V jf — Aj j j^Ul 

» i.^t ll j ^-z** Jj»-lj i^JuilS" jLa-0.,^lj J 
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5 a .ti.'xll 3j>- jll Lg-o. ^1 K$Jr ^ 

Kj^Ji J.! Ji (J[ ^ yi ^J-o^ ^* 

Jii ^ J>l oljLi^l ^jy. i^iJ^lIlj ^«Jrl 
,jj ^J-s (j^-t (^i* >^J J 7*) i— 
^ 2j>- jil j-L^2j (_j JJl jil jjJij ^ ,l::ll 
U. jl t5Li53 cjIj^V' a Ju> jl .tU— Jl 

jl; t<b -Uj 

iSj^i c JJ j-* -L$p LJ ^ j _^Jl 
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. { oJT-Tt iJlfc jj^o Jjli ii»L~Jlj j^~4^l u>^" : * ^ 

JS^iJlS') JjVl SjlJLl oLJJl 01 diJi 

' * X s 

t % 

t ((yLi. J _^-VI s -a . H J-J)) 1^ j*Pj jj-J 

* * ' , < s * 

05 L. Jl ijjUi ojLil yiJJl JaiJ ^ij c--^ 

Ji>- ^ <_ijL)ti {jA 4^ic L« t j^is ij\ Ji?-">LJ 
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LiJ 0? dJJi y .Ai^LiJ Jai y Oil 

• J J" 1 ' Sr-*^ £^ J^' (.s^ LS^ ^ 

LbJbi ejjl^ IJL* Oli cii^ski jl f I J _j->Vl 

ibl yiil JUb& jLj V j-Vl Ob ^AJ 
.ol-b-Sfl jit <J>\ 

U>u j^Vi 4^in sij usj 

01 jj^ ^-j^h -W> _/ J 4^^" 1 5Ji>JJl 01 —2 
jlJJL IJL* j . 4.>-ii J _^>- Jj—Vl ' aiJt 
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* * * < 

.L^Jjj(jL, JJa-j j i Still iaj^ill Ja-v^jl 

. 2j ^>t-i>il tb jj-Jl t_-> jiJb 

- (j " ?tjl-i (J j^- ^ y*ti\ 8' ijljjJ i_jlL?*j 

"f 

LjjLJ Jji) .<*J jjb>il jlSLiJJl 2LxJ^a ^ yjj 
jj-ty .-Jill 015" I il j& .SjliJl *b_^Jl jiiJl 
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oLsib ^Jl jllp J,l 4...„...i t jjS" S^-VlA ^ JLtjl 

^ j ^AJl t (6) Roy Kerr j£ <J j'j (^jJLjjJl 
jj'U c-^ -UJL (SjLJJl aJbM ^ 

^w2; Lie cVjUa^. tali: sJutJi 

jljjjJl iS" ^- J*ij ^.kSlI ^ 4^k^ ^jSH 

J,l tUaiJl jYs.hi lS^J • 

.jity j*- l£ L LJ^ jtsti jtSl If.W; 



£ji ^xLjjJ ^Uiljj ^U- : (-1934)^ (6) 
o V jUI jJ j J,! Jiy o«- ' 1 %3 fc- cy ^ 
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2ul*Jl A..-..JI ^ oil yiJl j .(bl yiJL) 4_ip 

oij j-^-J f yii oj .diij ^ <ii ^i jyjuj ^ 

^51 ^Jl ^ ^V"^ 1 ^ ^ L-l-^-I 

0) e£ j>-\ sjl^i _j' c 2LiLatIt a..-, .J I ^ ">Ul>- 
iil*Jl A.. r ..-Jl jjk;* oil yiJl Ijj 01 ^."iA 
<Ss j*-JI ^ _^>«-JI i--lji OLi L^jLi t^-^f i-Jj.} 

JjUaJ ^jl^*" *i j& o-^ 1 ' (J>! 'c/ ^rii^T - (3*_J 
ziT ^Jl 4i-bU J^kJl 01 JU-lj .l^-^U 
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V ^JLLJi i^J 

oJLiJl j±£ jJi ^gip «Lj jLi-l j (_ry>- Jj'k" 
.Oil yUl |i— J ^jJl ^ Ai— Jl ^ oJL*j to^ill j 

jt) JU-I ^ liJaJl oJl* JL^i LC^J j 

'^yj. theorie des supercordes (jljjVl 
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^-J^' ^ LS^- LS*J '^-AA 1 

t * l * 
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J3>\ { J<2^> Oj-i ^ Jj>^ 

VI .(^a) -J^- <H *y^\ J" ^l-^-Vl 
.J^r.i.-* is jjJl ^L- 3ijL>JJ «JL* 

j3 fljLc- jlW'j .fbLiJl 2i:> ^j^j fr Uai JjIj j 
^ L^jU ^1 aJJjUJI <_jJL£-1 « oil 
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ol J> jd\ iioj>- iiJJi ^ LiuJ 4JL9 tj^^itJaJl 

Jeji\ ^ y> L J*i -^LJ j-*-^ <^J 'iil*- 4 

9 i_.,......it 

Ui^jti J-il j^-ai! ^jj.LSll t^J^* 1 ^ J ijj^i ' jl 

IJL* oiU- 
ji>J ^Jl tJu'l^kJl .jj^-lj Ail 

.olk^il 

^.■.tt.i.t.,11 ^ya ju\Sj jj^T^J Ail Cjljlj A-e-^r La-UpJ 
; — 

oJLa i3 l«JLP j .^jjOjwLlil jjJM J Ail 1$-Lp 
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oUilaJl 01 Jas-^l ) 54»^ iJj jj] Oil 
U^j .(^-jjUlJI 2UaP J** If JilLll4l 4jJu>o 
IsUukJlj j>ju^I IJL* Oj^ t L5 ii>j V dili OlS" _jJ 
^ jjUaJl ^L>- LS ^ *_-»-iJt-i s ji 01 J,i n'yj* 
(:> _^-Vl >_ — 5±J\ jS" ^ 
<Li......Jl jLlfl .aJU>-Ij i_j y ^_rT 

t\y>r\ lJ>1^ Ojjy jj^r^j all ji iaJ y cSiUJl 

l-^-i Ji?~J ol—la C-jIjJj^^*^- ^ J jl -.^ ^1 

O j%5l LJS'j .5jth#^ ^jL-ill ^ ol jy^- 

(_£ jJLSl oJl* a-Li CjJjIjj coil ^iJl ^j* ^jjL^aJl 

. . . $ yJ^i\ i_JLi!l t_jLi^L-l 

> >' 
«.b _^-Jl i_j _^ii)l J jjjj Jjs 

?Uol&> Jl 

JUU c_ol 4^^J ^LJ^ J**i li'lW 
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S i-.iill jl Lip ^ jj^JI ^LJl ^ 
i_Ji)l ^ fUl J2JJI J5lij frUJl 

jli ^yj tlJL* ^^Ltf- sLjj .(.i^Vl 

O jiill oJL* jt VI to^jjJl 1— > jij S _prj Jl»- iS^> 
^UJl :L~Jl oVSUi ^b- j£iJ 

L. ^....^o j .(! 1916 Jn* aJI tlai*Vl f 
^-^i ^^W^ ^ ot>oVl *Jl cl.^j 
jj^iJ l$Jl jl to jjJl jiJ aL>- J-il jl 

jil i— V .3^*4 3>*^ x»i jjb c 4jLilJ 2^uL>o 
l>- (jiJI Ijjk ^jlp £LLVI Lfi iL-j i^l 
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£l >ju-i 3j^kJi a-a-Ui ^ Juil ^ j_J 

c (7) Roger Penrose « jj^r-i _/r jj» J.'-W ^ 
k_ iitll <C^jL< jjj! ~ j , i. ,,5" jJu oL < i 
^^•^f- jL i (3^J i sJlLj ^ j-*SH 

oUL^I jUa.^ ,IU : (-1931) j_5> ; (7) 

.( 1973 j 1964 Jy. U) L$jli Jlp jL^JI ^> 
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Kip d jy j Charles Misner (8) >V J jLi 

'if'' i 

-llij \J.u John Wheeler jkj yr j Thorne 

j»i 01 j»j t> S.ll job c—^ ^j L . -' d J ^oj>%j 

' - " > 

loLLLJl 



(-1940) jy ^Sj jkj O j^J> iiij tij^IaJl 
ij_?-L» ^ ^ jij*^ aJL»I g ,Aj j_jyJ.I ^jj^ty ^'Ijj-iil 
. .iiQiJl tLj-illj iljjjiJl j l^U-l 
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jjl ^j>t j 01 l$J ^jh'a'y" SjkjdJl ^ j^tJl 
tb j-Jl l_j jiiJl 01 era Stephen (9> Hawking 

^i$Ji oi£ii iUJu j~J £i y)i oi Ji ciUJi 

Jlaj Ipl y <UI— J Li till ^ Vj .9jj 

' * e * 

S^Lkil SiJjJl oUjjJtI ^ L>-l jjl j! jJjj 
^ L/2 J^J ^jJ^I ,11p :(1942-) 
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\l^r ^wii oL>- Jul L^J L>-I_jji c^iJjJl oLj^^JJ" 
CAJL; aL?*-* C~>- "V| <^ iJth^L) "Vj 

JJjL <_£JUl ^Jl -ni^' ^J^- 'jsyi ^ 
•ciif jjAxj -Liij S 1 iil' 0' dJ-ta ^ 

(_£ j~* LgJ-« ^iii—o V . t^Jalil eJo-Li ojj^w 
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|t jl^^l jl J! o/jU ^yL^. £i JjU 
iJLS' IgJ £1.5 1jj-aj Owb-I li.j tbig-bang (3">^-l 

iSjj^l *tij_Jl i_Jj4i)l Ig.lfr jllaj tl_t>- SLiJ=> 

J g .t" jlj <LiLL>- Ijjj • Gj^ °' l^ 1 ^* ^ " ^"**~ 
IJl* jl 4j ^kjl aj lixl UT j . -U*J -t>- jjl ^UU I 
^ys Sjuil obtJl aI^-Laj 
SLLj-Jl 4*-iVl ajLIs <j yl ^Lil ^ybj ty jl) 
oLks-">U.I jl ^Lj .(oJbJLiJl IgiSlk) ">L^i 43 j ytil 

4jL^j V ^ _^r«-Jl (jy -ll<J.1 f-LiajiJl jl L^j jjs ^ 
.4J j-i? 4^»* 4.«.1 (_£jL*u 
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lil£±\ ajjLJJl (Jin! 

Jij .(_jjv^Jl Ji«JJ Lijv* L>-bj 1 g »;n ji aJIj L« 
j> l*Jb- j JSLiJ ^^Jl j> U-ij cJJi 

^Julj Lgjl Jl j aril olw 

£*J- l^ijA j> iLJr 
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d'\j 5>L»]I 4.,.,,, -J J g« jjJaj tb j~Jl jiiJl 
l^Jl^^j <L»L»JI , , - : It l jv ^aJ^-\j ^» . »> ■» L« 
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* ♦ 



attraction 
gravitationnelle 






poids 






gravite 






masse 






volume 






rayon 






force centrifuge 






force centripete 






sonde 






vitesse de liberation 






mecanique quantique 




(4-kJI _^JI 


quantum (plur. quanta) 




(oils' .^)ais" 


gravitation quantique 






Relativite generale 






Relativite restreinte 






espace-temps 
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geodesique 






trajectoire 






orbite 






molecule 






particule 






antiparticule 






courbure 




•J" J** 


cosmologie 






photon 






singularite 






horizon des 






evenements 






temps propre 




^-9 Li- /^.j 


temps apparent 






rougissement 
gravitationnel 






rayonnement 




f M 


frequence 






vibration 






elliptique. parabolique 
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element synthetise 






3 


naine blanche 








pression de 
degdnerescence 








Fusion 
thermonucleaire 






implosion 








neutron 








electron 








noyau 








galaxie 








disque d'accretion 






3 — " 


systeme binaire 








rayons X 








Supermassif 








ondes gravitationnelle 








detecteur 








grandeurs 








cinetique 








charge 
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rotation 








rotor 








theorie des supercordes 






J^>\ JU-I hjai 


electromagnetique 








principe de la censure 
cosmique 








forces de maree 




J^H ^ lS ) 


attraction 
gravitationnelle 
differentielle 






alternateur 






* > 


rechauffement 






}^.\ 


emission 








aplati 








propulseur 








trou de ver 






oJjjJl i, aj 


recyclage des dechets 








big-bang 
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^ 4jjU^JI y-Sfl ,Ji*l. li"^- 

L» J y j y}\ tSs j— Jl l1> jiiJl ol j tila^-'iU.I jj 
cJJi jlSj ( J-i*i! l>-bj I g a j; *Jlj 

,_/»L>- JJl Co yJl J^*"-^l ^ J-^ jl' jJJj ^ 

5-^viiJl {.(jj^ill l;l ■<■>* ^yt il*j><Lj aiL^ 
viilJ U jLxpL AoiLi-l 4_*L» jLj WJu J 



>p >UI ^ LplJ^J jlS^I jpj t Lfu ^ 
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